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Lower socioeconomic status (SES) may be related to inactivity lifestyle; however, the asso-
ciation between SES and physical inactivity has not been sufficiently investigated in Japan.
Methods
The study population is the participants of NIPPON DATA2010, which is a prospective
cohort study of the National Health and Nutrition Survey 2010 in Japan. They were residents
in 300 randomly selected areas across Japan. This study included 2,609 adults. Physical
activity was assessed by physical activity index (PAI) calculated from activity intensity and
time. The lowest tertile of PAI for each 10-year age class and sex was defined as physical
inactivity. Multivariable logistic regression analyses were conducted to examine the associa-
tion of SES (employment status, educational attainment, living status, and equivalent
household expenditure (EHE)) with physical inactivity.
Results
In the distribution of PAI by age classes and sex, the highest median PAI was aged 30–39
years among men (median 38.6), aged 40–49 years among women (38.0), and median PAI
PLOS ONE







Citation: Sumimoto Y, Yanagita M, Miyamatsu N,
Okuda N, Nishi N, Nakamura Y, et al. (2021)
Association between socioeconomic status and
physical inactivity in a general Japanese
population: NIPPON DATA2010. PLoS ONE 16(7):
e0254706. https://doi.org/10.1371/journal.
pone.0254706
Editor: Kiyoshi Sanada, Ritsumeikan University,
JAPAN
Received: March 24, 2021
Accepted: July 2, 2021
Published: July 15, 2021
Copyright: © 2021 Sumimoto et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: All relevant data are
within the manuscript.
Funding: This study was supported by Health and
Labour Sciences Research Grants of the Ministry
of Health, Labour and Welfare, Japan
(Comprehensive Research on Life-Style Related




was decreased with increasing age. Multivariable-adjusted model shows that not working
was significantly associated with physical inactivity after adjustment for age in all age groups
and sexes. Not living with spouse for adult women and elderly men was significantly associ-
ated with physical inactivity compared to those who living with spouse. However, neither
educational attainment nor EHE had any significant associations with physical inactivity.
Conclusions
The result indicated that physical inactivity was associated with SES in a general Japanese
population. SES of individuals need to be considered in order to prevent inactivity lifestyle.
Introduction
Physical inactivity increases the risk of major non-communicable diseases (NCD), such as cor-
onary heart disease, type 2 diabetes, and cancer (breast cancer and colon cancer), and short-
ened life expectancy [1]. The World Health Organization reported that physical inactivity is
one of the primary four major risk factors leading for non-communicable diseases [2], and
people who are insufficiently active have a 20% to 30% increased risk of death compared to
people who are sufficiently active [3]. It is indicated that physical inactivity is related to low
socioeconomic status (SES) [4].
In these last few decades, there is growing concern with the influence of SES; employment
status, educational attainment, income level, etc., on health outcome. Previous studies have
investigated the association between SES and physical inactivity, most of them from Western
countries [5–8], and several studies from Japan [9–16], but the results have been inconsistent.
There were some reasons for the inconsistent results of socioeconomic inequalities in physical
activity. First, it might be caused by the contrasting for occupational activity and leisure time
activity due to socioeconomic status [17]. Second, previous studies before 2010, occupation,
the area of residence and age of the participants were limited [9–11], which may have caused
selection bias in the participants, and there are concerns about the accuracy of the data because
the data collection methods used were the Internet and mail questionnaires [12,13]. Since
2010, there have been several reports on the association between physical activity and mortality
and/or disease risk factors [14,15], but only one study on the association between physical
activity and socioeconomic status [16]. In recently, there are growing concerns that social
inequalities may grow wider in Japan and generate a harmful effect on health [18].
Therefore, we examined to the association between SES and physical inactivity to identify
subgroup with physical inactivity using the baseline data of NIPPON DATA2010. This cohort
study is unique because the participants were general Japanese adult population from 300 ran-
domly selected districts throughout Japan and focus on the impact of socioeconomic status on
health [19]. Analysis of the causes of physical inactivity, specifically the association between
SES and physical inactivity using the baseline data of NIPPON DATA2010 can provide
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(NIPPON DATA2010) was established in 2010 [19]. This study was performed using data
from the National Health and Nutrition Survey in November 2010 (NHNS2010) and the Com-
prehensive Survey of Living Conditions in June 2010 (CSLS2010), which were conducted by
the Ministry of Health, Labour and Welfare of Japan.
In November 2010, 8,815 residents aged 1 year and older from 300 randomly selected dis-
tricts throughout Japan participated in the dietary survey for NHNS2010. Among 7,229 partic-
ipants age 20 years and older, 3,873 participants (1,598 men and 2,275 women) had a blood
test of NHNS2010 and were invited to enroll in NIPPON DATA2010. A total of 2,898 partici-
pants (1,239 men and 1,659 women; participant rate, 74.6%) agreed to participate in the base-
line survey for NIPPON DATA2010. Trained interviewers obtained written informed consent
from all participants before enrollment. Data obtained from NHNS2010 and CSLC2010 were
merged with data from NIPPON DATA2010. The Institutional Review Board of Shiga Univer-
sity of Medical Science (No. 22–29, 2010) approved this study.
For this study, of the 2,898 participants, 91 were excluded because it was not possible to
merge data from NHNS2010 or CSLC2010 with NIPPON DATA2010 baseline data. Addition-
ally, seven who were over 90 years old, 150 who could not exercise due to health reasons, and
41 who were lacking main variables were excluded. The remaining 2,609 participants (1,132
men and 1,477 women) were included in the present study.
Physical activity index
To evaluate physical activity, questions were posed about number of hours per day spent in the
baseline survey of NIPPON DATA2010; the interviewer ensured that the total time added up
to 24h. Physical activity by intensity was defined as follows; (1) heavy activity (construction
work, agriculture, sports such as jogging, etc); (2) moderate activity (light work done standing,
housework, gardening and walking, etc); (3) slight activity (light work done sitting, office
work, driving a car, eating and taking a bath, etc); (4) watching television (TV) and other sed-
entary (sitting such as reading); (5) no activity (sleeping and lying down).
Physical activity index (PAI) was calculated by multiplying the time spent in different activ-
ities by corresponding weighting factors that parallel the increased rate of oxygen consumption
associated with increasingly more intense physical activity (weighting factors; heavy activity
for 5.0, moderate activity for 2.4, slight activity for 1.5, watching TV and other sedentary for
1.1 and no activity for 1.0); the procedure used in the Framingham Offspring study was fol-
lowed [20].
Total physical activity index = 5.0×hours of heavy activity + 2.4×hours of moderate activity
+ 1.5×hours of slight activity + 1.1×hours of watching TV and other sedentary + 1.0× hours of
no activity.
It was not possible to determine a cutoff value that defines a state in which the amount of
moderate-vigorous intensity physical activity performed per week is less than the recom-
mended amount, as in the WHO guidelines, because PAI was calculated from daily physical
activity. Therefore, we referred to that previous studies which divided PAI into tertiles and
classified the lowest tertile as insufficient physical activity in the Framingham Study [21,22]. In
this study, we confirmed the distribution of the physical activity index and found that it dif-
fered greatly by sex and age. To account for these differences, we divided the PAI by sex and
age class and defined the lowest tertile for each as physically inactive.
Socioeconomic status
Information on SES was collected using self-administered questionnaires for NHNS2010
(employment status), CSLC2010 (living status, monthly household expenditure of May 2010,
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number of family member, house ownership) and NIPPON DATA2010 (educational attain-
ment). Equivalent household expenditure (EHE) were calculated as monthly household expen-
diture divided by the square root of the number of family member and categorized into tertile.
House ownership was used to adjust the EHE, because in the CSLC questionnaire, rent in
non-house owners was taken into account as a part of expenditure, but mortgate payments in
home owner was not.
SES was defined as follow: (1) employment status (working [including self-employed] or
not working [including students and homemakers]); (2) educational attainment (junior high
school, high school, college or higher); (3) living status (living with spouse or not living with
spouse); (4) EHE (first tertile [less than 106,000 yen], second tertile [106,000 yen or more but
less than 162,000 yen], third tertile [162,000 yen or more]).
Lifestyle and other variables
Public health nurses collected information on alcohol drinking habit, smoking habit and past
histories of myocardial infarction and stroke using a standardized questionnaire in NHNS.
Alcohol drinking habit, smoking habit and past histories were obtained from NHNS2010. Par-
ticipants had past histories of myocardial infarction and/or stroke were defined as having past
histories. These were classified as follow: (1) alcohol drinking habit (current drinker, ex-
drinker or non-drinker); (2) smoking habit (current smoker, ex-smoker or non-smoker); (3)
Past histories (yes or no).
Statistical analysis
Statistical analyses were performed for men/women and for adult (aged 20–59 years)/
elderly (aged 60–89 years), separately, because basic living practice, e.g., working or not
working, would differ substantially by sex and by age groups. In addition, the age of retire-
ment was usually set at 60 years of age for indefinite-term employees at most workplaces in
Japan.
To evaluate physical inactivity in each age class, PAI was divided into tertiles in seven age
classes (20–29, 30–39, 40–49, 50–59, 60–69, 70–79, and 80–89) for men and women separately.
To evaluate association of SES and physical inactivity, the odds ratios (ORs) and 95%
confidence intervals (95% CIs) for physical inactivity were calculated by multiple logistic
regression analyses, using explanatory variable (employment status, educational attain-
ment, living status and EHE) and possible confounding factors (alcohol drinking habit,
smoking habit and past histories). We used three models. Model l was adjusted for age.
Model 2 was further adjusted with alcohol drinking habit, smoking habit and past histories.
For Model 3, we put all the SES factors and confounding factors simultaneously. For analy-
ses on EHE, we additionally adjusted for house ownership (owned or rented). P<0.05 was




Table 1 shows the distribution of age, employment status, educational attainment, EHE, and
other variable by sex and age groups. For employment status, adult participants who were not
working were 6.1% for men and 35.3% for women. Elderly participants who were not working
were 55.0% for men and 76.6% for women. For educational attainment, approximately half of
adult participants graduated from college or higher (48.1% for men and 51.7% for women),
PLOS ONE Physical inactivity by socioeconomic status
PLOS ONE | https://doi.org/10.1371/journal.pone.0254706 July 15, 2021 4 / 13
whereas most elderly participants of both sexes graduated from high school or junior high
school. For living status, most adult women lived with spouse (84.6%), whereas the rate in
elderly women was lower (65.5%).
Table 1. Characteristics of study participants by sex and age groups, NIPPON DATA2010, 2010, Japan.
Men (n = 1,132) Women (n = 1,477)
Adult Elderly Adult Elderly
(20–59 years) (60–89 years) (20–59 years) (60–89 years)
N (%) 457 (40.4) 675 (59.6) 720 (48.7) 757 (51.3)
Age, years (SD) 44.1 (10.7) 70.1 (6.9) 43.8 (10.4) 70.1 (6.9)
Body mass index, kg/m2 (SD) 24.1 (3.6) 23.8 (2.8) 21.9 (3.5) 23.1 (3.4)
Employment status, n (%)
Working 429 (93.9) 304 (45.0) 466 (64.7) 177 (23.4)
Not working 28 (6.1) 371 (55.0) 254 (35.3) 580 (76.6)
Educational attainment, n (%)
Junior high school 32 (7.0) 247 (36.6) 50 (6.9) 288 (38.0)
High school 205 (44.9) 276 (40.9) 298 (41.4) 373 (49.3)
College or higher 220 (48.1) 152 (22.5) 372 (51.7) 96 (12.7)
Living status, n (%)
Living with spouse 330 (72.2) 571 (84.6) 547 (76.0) 496 (65.5)
Not living with spouse 127 (28.8) 104 (15.4) 173 (24.0) 261 (34.5)
Equivalent household expenditure, n (%)
1st tertile 167 (36.5) 193 (28.6) 205 (28.5) 248 (32.8)
2nd tertile 155 (33.9) 252 (37.3) 264 (36.7) 262 (34.6)
3rd tertile 135 (29.5) 230 (34.1) 251 (34.9) 247 (32.6)
Smoking habit, n (%)
Current smoker 176 (38.5) 136 (20.1) 79 (11.0) 16 (2.1)
Ex-smoker 125 (27.4) 303 (44.9) 61.0 (8.5) 29 (3.8)
Non-smoker 156 (34.1) 236 (35.0) 580 (80.6) 712 (94.1)
Alcohol drinking habit, n (%)
Current drinker 339 (74.2) 488 (72.3) 344 (47.8) 198 (26.2)
Ex-drinker 6 (1.3) 30 (4.4) 12 (1.7) 8 (1.1)
Non-drinker 112 (24.5) 157 (23.3) 364 (50.6) 551 (72.8)
Exercise habits, n (%)
Exercise 119 (74.0) 324 (48.0) 168 (23.3) 328 (43.3)
Not have exercise habits 338 (26.0) 351 (52.0) 552 (76.7) 429 (56.7)
House ownership, n (%)
Own house 344 (75.3) 574 (85.0) 540 (75.0) 661 (87.3)
Rented house 113 (24.7) 101 (15.0) 180 (25.0) 96 (12.7)
Number of household menber, n (%)
One 53 (11.6) 85 (12.6) 41 (5.7) 167 (22.1)
Two 78 (17.1) 347 (51.4) 170 (23.6) 350 (46.2)
Three or over 326 (71.3) 243 (36.0) 509 (70.7) 240 (31.7)
Past histories, n (%)
Myocardial infarction 3 (0.7) 30 (4.4) 0 (0.0) 11 (1.5)
Stroke 8 (1.8) 48 (7.1) 1 (0.1) 33 (4.4)
Any of them 10 (2.2) 73 (10.8) 1 (0.1) 42 (5.5)
SD; standard deviation.
Data are presented as mean (SD) or as a number (%).
https://doi.org/10.1371/journal.pone.0254706.t001
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The distribution of physical activity index
Table 2 shows median and interquartile range of PAI for men and women in seven age classes.
Among the seven age classes, median of total PAI, interquartile range was highest in aged 30–
39 years among men (median 38.6), while it was highest in aged 40–49 years among women
(38.0). The median of total PAI decreased with increasing age, and aged 80–89 years was the
lowest in both men (30.8) and women (32.9). Regarding median PAI by each intensity of activ-
ities in sex and age classes, PAI of moderate activity included housework was higher score than
PAI of other activity in women (S1 Table).
Association between socioeconomic status and physical inactivity
Tables 3 and 4 shows results from multiple logistic regression analysis using physical inactivity as
an objective variable and socioeconomic factors as explanatory variables. Results were almost sim-
ilar in three models. In Model 3, significantly increased ORs for physical inactivity were observed
for not working participants compared with working participants after adjustment age in all strata
(OR 3.38 in adult men, 1.46 in adult women, 2.17 in elderly men, 1.72 in elderly women). For liv-
ing status, there was no significant association with physical inactivity in adult men. However,
elderly men not living with spouse had higher OR for physical inactivity than those who were liv-
ing with spouse (OR 2.01). On the other hand, adult women not living with spouse had higher
OR for physical inactivity than those who were living with spouse (OR 1.63), although there was
no significant association in elderly women. Regarding educational attainment and EHE, neither
of them showed any significant associations with physical inactivity in all strata. Results were simi-
lar even after adjusting for body mass index and living with others (S2 Table).
Discussion
In the present analysis of a nationwide cross-sectional study of a randomly selected sample of
adults in a Japanese population, it was indicated that the detailed distribution of PAI by age
Table 2. Distribution of physical activity index by sex and age classes.
Total 1st tertile 2nd tertile 3rd tertile
n (%) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Men
20–29 years 52 (4.6) 38.5 (31.3,41.2) 30.6 (29.4,31.7) 38.7 (36.9,39.2) 43.1 (41.1,53.0)
30–39 years 103 (9.1) 38.6 (31.7,43.1) 31.3 (30.4,31.7) 38.6 (35.4,39.8) 56.9 (43.1,62.0)
40–49 years 122 (10.8) 37.6 (31.4,44.2) 30.5 (30.1,31.4) 37.5 (32.9,39.9) 59.7 (44.0,65.8)
50–59 years 180 (15.9) 36.1 (31.2,41.2) 30.5 (30.0,31.2) 36.1 (33.9,38.0) 51.0 (41.3,62.4)
60–69 years 345 (30.9) 35.3 (30.7,40.1) 29.4 (28.1,30.5) 35.2 (32.6,37.0) 47.1 (40.0,58.0)
70–79 years 252 (22.3) 32.4 (29.6,39.4) 28.0 (27.1,29.6) 32.4 (31.6,34.8) 42.5 (39.4,52.2)
80–89 years 78 (6.9) 30.8 (27.9,35.2) 27.4 (26.8,27.9) 30.8 (29.7,32.6) 37.2 (35.3,48.2)
Women
20–29 years 64 (4.3) 35.7 (31.4,39.3) 30.6 (29.1,31.4) 35.1 (33.5,37.0) 40.5 (38.8,43.3)
30–39 years 221 (15.0) 37.7 (33.6,40.9) 32.0 (30.7,33.7) 37.7 (36.7,38.7) 41.9 (40.7,44.6)
40–49 years 174 (11.8) 38.0 (34.4,41.3) 33.1 (31.6,34.5) 38.0 (37.1,39.3) 43.0 (41.2,46.1)
50–59 years 261 (17.7) 37.4 (33.9,40.9) 32.2 (30.9,33.9) 37.4 (36.5,38.2) 42.3 (40.8,44.6)
60–69 years 389 (26.3) 36.4 (33.6,40.4) 32.4 (31.1,33.7) 36.4 (35.6,37.6) 42.0 (40.5,44.9)
70–79 years 283 (19.2) 35.9 (32.3,39.4) 31.4 (29.2,32.2) 35.9 (34.5,37.1) 41.7 (39.4,47.4)
80–89 years 85 (5.8) 32.9 (29.6,36.7) 28.6 (26.7,29.5) 32.7 (31.9,33.5) 39.3 (36.2,45.6)
IQR; Inter-Quartile Range.
https://doi.org/10.1371/journal.pone.0254706.t002
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classes and sex, and the association between SES and physical inactivity in a general Japanese
population. A main finding was that not working was related to physical inactivity in all strata.
In addition, not living with spouse for adult women and elderly men was related to physical
inactivity compared with living with spouse.
Regarding employment status, numerous previous studies reported that not working per-
sons were physically inactive compared to those who were working [8,23–25]. This study in
Japan supports the result of previous studies, and significant association was found not only in
adult but also in elderly. The reason why not working elderly had a significantly associated
with physical inactivity, it is possible that lifestyle habits changed. According to previous stud-
ies, the elderly had prolonged television viewing time and sedentary time after retirement [26–
Table 3. Association between socioeconomic status and physical inactivity in men (n = 1,132).
Model 1 Model 2 Model 3
n %a OR 95% CI OR 95% CI OR 95% CI
Adult(20–59 years)
Employment status
Working 429 31.9 (ref.) (ref.) (ref.)
Not working 28 53.6 2.46 (1.14−5.32) 2.84 (1.26−6.38) 3.38 (1.43−7.99)
Educational attainment
Junior high school 32 28.1 (ref.) (ref.) (ref.)
High school 205 26.3 0.91 (0.39−2.09) 0.95 (0.41−2.22) 0.90 (0.37−2.20)
College or higher 220 40.5 1.71 (0.75−3.93) 1.88 (0.80−4.40) 1.83 (0.75−4.49)
Living status
Living with spouse 330 33.3 (ref.) (ref.) (ref.)
Not living with spouse 127 33.1 0.94 (0.59−1.49) 0.93 (0.58−1.48) 0.81 (0.49−1.34)
Equivalent household expenditure
1st tertile 167 29.9 (ref.) (ref.) (ref.)
2nd tertile 155 32.3 1.13 (0.70−1.82) 1.17 (0.72−1.89) 1.14 (0.70−1.87)
3rd tertile 135 38.5 1.48 (0.91−2.39) 1.51 (0.93−2.46) 1.36 (0.83−2.25)
Elderly (60–89 years)
Employment status
Working 304 23.0 (ref.) (ref.) (ref.)
Not working 371 40.4 2.32 (1.61−3.32) 2.31 (1.61−3.31) 2.17 (1.51−3.14)
Educational attainment
Junior high school 247 31.6 (ref.) (ref.) (ref.)
High school 276 31.2 1.03 (0.71−1.50) 1.05 (0.72−1.53) 0.98 (0.66−1.44)
College or higher 152 36.8 1.31 (0.85−2.01) 1.34 (0.87−2.06) 1.22 (0.77−1.92)
Living status
Living with spouse 571 30.6 (ref.) (ref.) (ref.)
Not living with spouse 104 43.3 1.74 (1.13−2.67) 1.73 (1.12−2.65) 1.63 (1.03−2.56)
Equivalent household expenditure
1st tertile 193 27.5 (ref.) (ref.) (ref.)
2nd tertile 252 35.7 1.46 (0.97−2.20) 1.49 (0.99−2.25) 1.43 (0.94−2.19)
3rd tertile 230 33.5 1.33 (0.87−2.02) 1.38 (0.90−2.10) 1.28 (0.82−1.99)
OR, odds ratio; CI, confidence intervals.
aPropotion of defined as participants who physical inactiviy.Physical activity index (PAI) was divided tertile by sex for each 10-year age category and the lowest tertile
was defined as physical inactivity. Mode l was adjusted for age (additionaly adjusted for house ownership for equivalent household expenditure). Model 2 was adjusted
for variables in model 1 plus past histories, alcohol drinking habit and smoking habit. Model 3 was adjusted for variables in model 2, simultaneously.
https://doi.org/10.1371/journal.pone.0254706.t003
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28]. These phenomena may be partly explained that not working elderly was likely to be physi-
cally inactive in this study.
Regarding living status, the results of previous studies were not consistent [23,29–31]. In
this study, adult women and elderly men not living with spouse had a significantly higher risk
of physical inactivity. The reason for physical inactivity in adult women not living with spouse
may be related to the gender difference in housework time due to marital status. In this study,
71.3% of adult women not living with spouse were unmarried. According to a survey by the
Cabinet Office of Japan, between unmarried and married women, there was a slight difference
in working time, but there was 4-hour difference in housework time; on the other hand, in
men, there was little difference in working time and housework time due to marital status [32].
Table 4. Association between socioeconomic status and physical inactivity in women (n = 1,477).
Model 1 Model 2 Model 3
n %a OR 95% CI OR 95% CI OR 95% CI
Adult(20–59 years)
Employment status
Working 466 31.3 (ref.) (ref.) (ref.)
Not working 254 37.0 1.29 (0.93−1.78) 1.29 (0.93−1.78) 1.46 (1.04−2.04)
Educational attainment
Junior high school 50 42.0 (ref.) (ref.) (ref.)
High school 298 31.9 0.65 (0.35−1.19) 0.63 (0.34−1.17) 0.63 (0.33−1.20)
College or higher 372 33.3 0.69 (0.38−1.27) 0.66 (0.36−1.24) 0.66 (0.35−1.26)
Living status
Living with spouse 547 30.2 (ref.) (ref.) (ref.)
Not living with spouse 173 43.4 1.86 (1.29−2.68) 1.86 (1.29−2.69) 2.01 (1.37−2.94)
Equivalent household expenditure
1st tertile 205 29.8 (ref.) (ref.) (ref.)
2nd tertile 264 36.7 1.36 (0.92−2.02) 1.36 (0.92−2.02) 1.42 (0.95−2.12)
3rd tertile 251 32.7 1.15 (0.77−1.72) 1.14 (0.76−1.71) 1.13 (0.75−1.71)
Elderly (60–89 years)
Employment status
Working 177 25.4 (ref.) (ref.) (ref.)
Not working 580 35.0 1.60 (1.08−2.36) 1.63 (1.10−2.42) 1.72 (1.15−2.57)
Educational attainment
Junior high school 288 32.6 (ref.) (ref.) (ref.)
High school 373 33.1 1.04 (0.75−1.45) 1.05 (0.75−1.47) 1.09 (0.78−1.54)
College or higher 96 31.3 0.95 (0.58−1.58) 1.02 (0.62−1.70) 1.12 (0.66−1.89)
Living status
Living with spouse 496 30.6 (ref.) (ref.) (ref.)
Not living with spouse 261 36.8 1.33 (0.95−1.87) 1.32 (0.94−1.85) 1.31 (0.92−1.87)
Equivalent household expenditure
1st tertile 248 33.5 (ref.) (ref.) (ref.)
2nd tertile 262 31.3 0.90 (0.62−1.31) 0.90 (0.62−1.31) 0.83 (0.57−1.23)
3rd tertile 247 33.6 1.01 (0.70−1.47) 1.03 (0.71−1.50) 0.97 (0.65−1.43)
OR, odds ratio; CI, confidence intervals.
aPropotion of defined as participants who physical inactiviy.Physical activity index (PAI) was divided tertile by sex for each 10-year age category and the lowest tertile
was defined as physical inactivity. Mode l was adjusted for age (additionaly adjusted for house ownership for equivalent household expenditure). Model 2 was adjusted
for variables in model 1 plus past histories, alcohol drinking habit and smoking habit. Model 3 was adjusted for variables in model 2, simultaneously.
https://doi.org/10.1371/journal.pone.0254706.t004
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As mentioned above, the gender role difference due to marital status may account for physical
inactivity in adult women in Japan.
The reason for physical inactivity in elderly men not living with spouse may be related to
the gender difference due to effects from being widowed or divorced. In fact, previous study
reported that 80% of married men recognized their spouse as a person who controlled for their
health [33]. Some studies reported that elderly men after widow or divorce decreased vegetable
intake, increased smoking and alcohol consumption, and had higher stress and depression
[34–37]. On the other hand, no association was found in elderly women. According to a survey
by the Cabinet Office of Japan, approximately 80% of elderly men responded that their spouses
give “mental support,” whereas only a half of women responded so [38]. The gender difference
in support by spouse may account for the difference in the relationship of spouse to physical
inactivity.
From the reason above, widowed or divorced men may be particularly physically inactive.
A previous study showed that loneliness was an independent risk factor for physical inactivity
in the elderly [39]. Loneliness caused by loss of occupation, social status due to retirement, and
loss of mental support due to widow or divorce may be related to physical inactivity. There-
fore, avoiding loneliness would be useful to prevent physical inactivity. Several studies reported
that there was a positive association between neighborhood relationship and moderate to vig-
orous physical activity [40,41].
In this study, education attainment and EHE were not any significantly associated with
physical inactivity. The results were somewhat inconsistent with most previous studies in
which educational attainment and income were one of determinants of physical inactivity
[5,6,31]. Compared to other countries, our results suggest that the impact of socioeconomic
disparities according to educational attainment and income to physical inactivity may be
small. Therefore, to identify subgroup which need intervention to prevent physical inactivity
in Japan, we should be focus on employment status and living status.
This study has several limitations. First, because of the cross-sectional nature of this study,
we were unable to determine whether there was a casual association between SES and physical
inactivity. The second, we investigated total physical activity hours which were classified by
intensity; thus, the type of physical activity could not be assessed.
Finally, physical activity was assessed using self-administered questionnaires, recall bias
may have occurred, and physical activity may have been overestimated or underestimated.
Conclusion
The present study from a nationwide survey of the general Japanese population demonstrated
that in the distribution of PAI, the highest median PAI was differed by age and sex, however
PAI decreased with increasing age in both sexes. In the association between SES and physical
inactivity, not working was associated with physical inactivity regardless of age and sex,
whereas not living with spouse was differently associated by age and sex. These results will con-
tribute to public health interventions which prevent socioeconomic inequalities in physical
inactivity.
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